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FOREWORD 

This  annual  report,  the  twentieth  and  last  of  a series , summarizes 
the  ice  program  conducted  during  1971  by  the  Naval  Oceanographic  Office 
principally  in  support  of  Military  Sealift  Command  resupply  operations 
in  the  eastern  Arctic  and  Commander  Alaskan  Sea  Frontier  in  the  western 
Arctic.  Extensive  ice  data  acquired  by  aerial  reconnaissance,  ice- 
breakers, and  satellite  photography  were  used  to  prepare  ice  forecasts. 
Satellite  photography  has  proven  in  recent  years  to  be  an  invaluable 
tool  for  supplementing  aerial  reconnaissance  and  to  provide  continuous 
coverage  enabling  the  forecaster  to  observe  movement  of  ice  edges , 
opening  and  closing  of  leads,  and  formation  of  other  significant  ice- 
related  features.  These  data,  together  with  historical  information, 
make  possible  a comprehensive  accumulation  of  ice  information  which 
is  an  asset  to  ice  forecasting  and  necessary  to  the  overall  efficient 
planning  and  success  of  arctic  operations. 


Captain,  U.S.  Navy 
Commander 
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PART  I - EASTERN  ARCTIC 


1.  GENERAL 

Resupply  of  the  eastern  Arctic  during  1971  was  conducted  by  the 
Military  Sealift  Command  (MSC) . MSC  ships  carried  bulk  cargoes  to 
Goose  Bay,  Sondre  Stromfjord,  Itivdleq,  Thule,  and  Kulusuk.  These 
locations  and  other  place  name  references  in  the  text  are  presented 
in  figure  1.  For  presentation  purposes,  the  North  American  Arctic 
is  divided  into  three  major  regions  each  of  which  is  subdivided  into 
ice  reconnaissance  areas  as  shown  in  figure  2.  The  eastern  region 
was  resupplied  by  MSC,  the  western  region  by  commercial  shipping, 
and  the  central  region  by  the  Canadian  Department  of  Transport  (DOT) . 

2.  ICE  FORECASTING 

The  U.S.  Naval  Oceanographic  Office  (NAVOCEANO)  conducted  a long- 
range  ice  forecasting  program  in  support  of  MSC  eastern  Arctic  operations. 
This  program  included  the  long-range  seasonal  ice  outlook*  and  15-  and 
30-day  forecasts  used  to  amend  the  long-range  outlook.  Short-range  fore- 
casts and  ship  ice  routings  were  provided  by  the  Naval  Weather  Service. 

a.  Long-Range  Ice  Outlook 

The  long-range  ice  outlook  for  the  eastern  Arctic  was  designed 
to  provide  an  estimate  of  ice  conditions  during  the  resupply  season  for 
planning  a generalized  and  tentative  arctic  shipping  schedule.  The 
outlook  was  based  initially  on  evaluation  of  oceanographic  and  climatic 
factors  affecting  ice  formation,  growth,  and  drift.  Forecasts  of  ice 
disintegration  and  predicted  trends  were  then  based  on  comparison  of 
this  evaluation  with  historical  data. 

In  addition,  a comprehensive  aerial  survey  of  the  Labrador  Sea, 

Davis  Strait,  and  Baffin  Bay  from  20  through  24  March  provided  information 
on  distribution,  age,  and  topography  of  the  ice.  Data  extracted  from 
ESSA  9 and  ITOS  I satellite  photographs  between  22  and  25  March  provided  in- 
formation for  the  Labrador  Sea,  the  east  Greenland  coast  and  the  Denmark 
Strait.  The  current  environment  was  compared  to  historical  ice  conditions 
to  determine  possible  analogies.  After  incorporation  of  this  Information, 
predicted  trends  for  the  opening  of  the  various  ports  were  related  to  normal 
dates  when  ice  concentrations  would  permit  ships  to  safely  enter  these  ports 
with  and  without  icebreaker  assistance. 

The  outlook  also  contained  prognosticated  mid-monthly  ice  charts 
for  May  through  Augtist,  together  with  envelopes  of  minimum  and  maximum  ice 
edges  observed  since  1953.  The  outlook  was  presented  at  a briefing  of 
COMSCLANT  and  was  distributed  to  other  cognizant  commands. 


*U.S.  Naval  Ocejinographlc  Office,  The  Eastern  Arctic  Ice  Seasonal  Outlook, 
1971,  H.  0.  SP-60(71).  April  1971. 


b.  Fifteen-  and  Thirty-Day  Ice  Forecasts 

Fifteen-  and  30-day  forecasts  were  issued  from  NAVOCEANO  via 
radioteletype  (RATT)  twice  monthly  between  21  May  and  22  November. 

These  forecasts  were  revisions  of  the  long-range  outlook  and  contained 
more  detailed  information  on  ice  edge,  concentration,  and  floe  size. 
Forecasts  were  based  on  aerial  reconnaisance , satellite  data,  ship 
reports,  historical  ice  information,  and  ESSA  30-day  prognostic  charts  of 
the  mean  sea-level  pressure  and  700-millibar-height  departure  from  normal. 
Commencing  with  20  October,  the  15-  and  30-day  forecasts  were  freezeup 
forecasts.  Forecasts  are  summarized  in  table  1. 

Table  1 

Fifteen-  and  Thirty-Day  Ice  Forecasts 
Eastern  Arctic,  1971 


Number 

Site-Area  Period  15-Day  30 -Day  Total 


Goose  Bay-Labrador  Sea 

1 

May- 

-21 

June 

7 

7 

14 

20 

Oct- 

■22 

Nov 

Sondre  Stromfjord 

21 

May- 

- 7 

June 

5 

3 

fc 

20 

Oct- 

-22 

Nov 

Thule-Baffin  Bay 

21 

May- 

■20 

Aug 

10 

10 

20 

20 

Oct- 

-22 

Nov 

Kulusuk-Denmark  Strait 

21 

Jun- 

- 6 

Aug 

4 

3 

7 

26 

23 

49 

c.  Short-Range  Ice  Forecasts 

Forecasts  covering  a period  of  5 days  or  less  were  issued  by  the 
Fleet  Weather  Facility,  Suitland,  Maryland.  Ice  advisories  and  forecasts 
commenced  when  ships  entered  operational  areas  and  terminated  when  shipping 
was  completed  or  when  the  ice  was  no  longer  a hazard  to  shipping. 

d.  Ship  Ice  Routes 

In  order  to  minimize  ice  damage  to  shipping,  ice  routing  service 
was  provided  by  Fleet  Weather  Central,  Norfolk,  Virginia.  Optimum  track 
ship  routes  were  provided  from  the  last  port  of  call  in  the  Atlantic  to 
arctic  ports  and  return.  During  the  periods  of  icebreaker  escort,  routes 
were  terminated  at  a rendezvous  point  in  the  port  approaches. 

3.  ICE  RECONNAISSANCE 

Long-range  aerial  ice  reconnaissance  of  the  eastern  Arctic  was  pro- 
vided by  P3A  aircraft  stationed  at  Bermuda.  A summary  of  regular  flights 
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and  hours  flown  over  each  reconnaissance  area  each  month,  including 
transit  time,  is  given  in  table  2,  Flight  hours  for  each  mission  were 
apportioned  to  the  various  reconnaissance  areas.  Immediate  tactical 
support  was  provided  by  icebreaker-based  helicopters  which  made  local 
ice  observations. 


Table  2 

Ice  Reconnaissance  Flights , Eastern  Arctic,  1971 


Total  Hours  of 


Month 

Fits. 

Hours 

ALFA 

BRAVO 

CHARLIE 

DELTA 

ECHO 

KILO 

Ice  Ob s . 

Feb 

1 

9.3 

0 

0 

0 

0 

0 

9.3 

6.0 

March 

3 

23.7 

3.9 

3.8 

4.5 

8.6 

0.9 

2.0 

13.8 

April 

4 

29.6 

8.7 

3.2 

3.9 

7.4 

1.9 

4.5 

17.3 

May 

1 

9.0 

2.0 

1.5 

2.0 

0 

0 

3.5 

3.2 

June 

7 

48.6 

11.8 

7.4 

1.9 

16.0 

2.2 

9.3 

22.9 

July 

7 

53.4 

9.6 

6,5 

11.6 

11.5 

1.8 

12.4 

16.5 

Aug 

4 

26.8 

0 

1.8 

0 

3,7 

0 

21.3 

12.4 

Sep 

i 

9.0 

0 

0 

0 

0 

0 

9.0 

3.5 

Oct 

5 

36.9 

0 

0 

0 

5.2 

0.6 

31.1 

10,4 

Nov 

6 

47.8 

0 

3.3 

3.9 

19.4 

1.1 

20.1 

16.4 

Dec 

1 

10.2 

2.1 

4.5 

0 

0 

0 

3.6 

5.9 

Totals 

40 

304.3 

38.1 

32.0 

27.8 

71.8 

8.5 

126.1 

128.3 

Several  other  sources  of  ice  reconnaissance  data  over  the  eastern  Arct 
augmented  the  data  obtained  by  P3A  flights.  These  included  4 U.S.  Coast 
Guard  flights  in  January  listed  in  table  3,  in  which  Navy  ice  observers 
participated.  Other  supplementary  ice  reconnaissance  data  covered 
initial  and  terminal  legs  of  Project  BIRDS  EYE  missions  and  Danish 
ice  reconnaissance  conducted  primarily  along  the  south  and  east  Greenland 
coasts  including  83  flights  totaling  approximately  385  hours.  Some 
Canadian  observations  in  Baffin  Bay  and  Labrador  Sea  were  also  utilized. 

Table  3 


Participation  in  U.S.  Coast  Guard  Flights, 
Eastern  and  Western  Arctic,  1971 


Month 

Fits. 

Total 

Hours 

ALFA 

BRAVO 

CHARLIE 

INDIA 

JULIETT 

Hours  of 
Ice  Obs. 

Jan 

4 

25.0 

18.6 

1.7 

4.7 

0 

0 

10.4 

Mar 

1 

6.5 

0 

0 

0 

0 

6.5 

4.0 

May 

3 

33.0 

0 

0 

0 

0 

33.0 

12.1 

June 

1 

10.1 

0 

0 

0 

6.9 

3.2 

3.1 

Totals 

9 

74.6 

18.6 

1.7 

4.7 

6.9 

42.7 

29.6 

4.  SUPPORTING  PROJECTS 


a.  Project  BIRDS  EYE 

In  conjunction  with  research  and  development  of  ice  forecasting 
techniques  for  the  Arctic  Basin  and  to  provide  ice  forecasting  support. 
Project  BIRDS  EYE  consisted  of  a series  of  seven  ice  reconnaissance  missions 
(BE  1-71  through  BE  7-71),  with  several  flights  in  each  mission,  over  the 
North  American  Arctic.  BIRDS  EYE  missions  totaling  42  flights  for  approxi- 
mately 460  hours  were  conducted  on  standard  tracks  primarily  over  the 
Arctic  Basin.  Data  from  BIRDS  EYE  missions  1 through  5 were  included, 
where  applicable,  in  the  charts  presented  in  appendixes  A and  C.  BIRDS 
EYE  6-71  and  7-71  data  are  presented  in  appendix  E. 

b.  Classified  Operations 

The  following  forecasts  were  issued  to  a military  command  for 
two  continuing  classified  projects  in  specific  geographical  areas: 

March  - seven  short-range  wind  and  ice  forecasts 
September  - one  15-day  ice  forecast 
October  - two  15-  and  30-day  ice  forecasts 
November  - two  15-  and  30-day  ice  forecasts 
December  - one  15-day  ice  forecast 

5.  OBSERVED  ICE  CONDITIONS 

Ice  conditions  observed  by  aerial  reconnaissance  in  the  eastern  North 
American  Arctic  are  presented  in  appendix  A.  Ice  data  were  obtained  pri- 
marily from  U.S.  aerial  ice  reconnaissance,  including  BIRDS  EYE  flights, 
supplemented  by  U.S.  Coast  Guard  flights  and  Danish  aerial  reconnaissance. 
Ice  conditions  observed  by  satellite  in  the  eastern  North  American  Arctic 
are  presented  in  appendix  B. 

Fast  ice  In  Itlvdleq  broke  up  within  its  normal  range  as  forecasted 
by  the  outlook.  However,  the  escorted  and  unescorted  trends  for  Sondrestrom 
were  9 and  6 days  later  than  forecast,  respectively,  owing  to  temperatures 
that  were  lower  than  those  forecasted  for  May  and  the  first  week  of  June. 

Ice  concentration  in  the  approaches  to  Goose  Bay  decreased  to  less  than 
six-eighths  by  15  June,  1 day  later  than  forecasted  in  the  outlook. 
Unescorted  entry  to  Goose  Bay  occurred  as  predicted  on  8 July,  15  days 
later  than  normal,  because  of  the  predominance  of  onshore  drift  along  the 
Labrador  coast  during  April  through  June.  Ice  concentration  in  the  Thule 
approaches  decreased  to  less  than  six-eighths  by  16  July,  resulting  in 
normal  escorted  entry  into  Thule  as  predicted  in  the  outlook.  Open  to  very 
close  pack  ice  persisted  in  central  and  northern  Baffin  Bay  until  the  end 
of  July.  Thus,  the  later  than  normal  unescorted  entry  date  of  1 August 
forecasted  in  the  outlook  was  verified. 
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Escorted  entry  into  Kulusuk  was  normal  as  predicted  by  the  outlook; 
but  the  wider  than  normal  ice  pack  north  of  Kulusuk,  coni)ined  with  large 
quantities  of  multi-year  ice  north  of  66®N,  still  posed  great  potential 
for  later  drift  into  the  Kulusuk  approaches.  However,  this  potential 
drift  never  materialized  even  though  the  pack  ice  north  of  66 “N  remained 
unusually  extensive  into  August  owing  to  anomalous  light  and  variable 
and  offshore  winds  during  July  along  the  east  Greenland  coast.  Consequently, 
unescorted  entry  into  Kulusuk  was  possible  by  3 August,  20  days  earlier 
them  forecast  by  the  outlook.  Verification  of  the  long-range  outlook  is 
given  in  table  4. 


Table  4 


Long-Range  Ice  Outlook  Verification,  1971 
Escorted  Entry* 


Port 

Normal 

Predicted  Trend 

Observed 

Itivdleq 

17  April 

Normal  (+4  days) 

14  April 

Sondre  Stromfjord 

29  May 

Earlier  (2  to  5 days) 

5 June 

Goose  Bay 

5 June 

Later  (5  to  9 days) 

15  June 

Thule 

12  July 

Normal  (+^  days) 

16  July 

Kulusuk 

14  July 

Normal  (+4  days) 

15  July 

Unescorted  Entry** 


Port 


Itivdleq 

Sondre  Stromfjord 
Goose  Bay 
Thule 
Kulusuk 


Normal 

Predicted  Trend 

Observed 

1 May 

Normal  (+4  days) 

30  April 

7 June 

Earlier  (2  to  5 days) 

11  June 

23  June 

Later  (10  to  15  days) 

8 July 

23  July 

Later  (5  to  9 days) 

1 August 

18  August 

Later  (5  to  9 days) 

3 August 

*Con cent rat ion  in  approaches  6/8  or  less  and  fast  ice,  if  any,  in  port 
well  weakened. 

**Concentrations  in  approaches  and  port  1/8  or  less. 


PART  II  - WESTERN  ARCTIC 

1.  GENERAL 

During  the  1971  resupply  season  in  the  western  Arctic,  short-range 
ice  forecasting  support  was  provided  by  the  Fleet  Weather  Facility  at 
Suitland,  Maryland.  NAVOCEANO  was  responsible  for  providing  long-range 
forecasts  in  support  of  military  and  oceanographic  operations. 


2.  ICE  FORECASTING 


A total  of  forty-eight  15-  and  30-day  ice  forecasts  for  the  north 
Alaskan  coast  and  the  Bering  and  Chukchi  Seas  were  issued  throughout 
the  year.  Forecasts  were  issued  twice  monthly  and  included  information 
in  ice  pack  edges,  concentrations,  stages  of  development,  and  ice 
thickness  for  6 specified  points.  TWenty-six  forecasts  were  sent  to 
COMALSEAFROT,  12  to  COMHAWSEAFRON , and  10  to  Fleet  Weather  Facility, 
Kodiak,  Alaska. 

3.  ICE  RECONNAISSANCE 

Aerial  reconnaissance  was  conducted  over  areas  INDIA  and  JULIETT  by 
P3A  aircraft  stationed  at  Adak,  Alaska;  by  Project  BIRDS  EYE  aircraft 
from  Elelson  AFB,  Fairbanks,  Alaska;  and  by  utilizing  flights  by  the 
Arctic  Research  Laboratory  (ARL)  from  Point  Barrow.  Additional  ice  data 
were  obtained  by  5 U.S.  Coast  Guard  flights  listed  in  table  3,  in  which 
Navy  ice  observers  participated.  A summary  of  P3A  flights  and  hours 
flcwn,  including  ARL  missions,  for  each  month  over  each  area  and  annual 
totals  is  presented  in  table  5.  Flight  hours  for  each  mission  were 
apportioned  to  reconnaissance  areas  INDIA  and  JULIETT. 

4.  OBSERVED  ICE  CONDITIONS 

Ice  conditions  observed  by  aerial  reconnaissance  in  the  western 
North  American  Arctic  are  presented  in  appendix  C.  The  data  were  obtained 
primarily  by  scheduled  aerial  reconnaissance  and  were  supplemented  by 
BIRDS  EYE  flights  1-71  through  5-71.  Ice  conditions  observed  by  satellite 
in  the  western  North  American  Arctic  are  presented  in  appendix  D. 

Table  5 


Ice  Reconnaissance  Flights,  Western  Arctic,  1971 


Month 

No.  of  Fits 

Total  Hours 

INDIA 

JULIETT 

Hours  of  Ice  Obs 

Feb 

1 

11.0 

6.0 

5.0 

5.5 

Mar 

2 

15.8 

8.7 

7.1 

6.2 

April 

2 

19.5 

0 

19.5 

13.4 

June 

1 

8.5 

0 

8.5 

4.0 

July 

6 

39.3 

39.3 

0 

13.4 

Aug 

7 

40.7 

40.7 

0 

14.6 

Sept 

2 

11.9 

11.9 

0 

3.4 

Oct 

2 

14.5 

13.5 

1.0 

4.1 

Nov 

1 

9.1 

5.3 

3.8 

5.2 

Dec 

3 

24.8 

4.9 

19.9 

12.3 

Totals 

27 

195.1 

130.3 

64.8 

82.1 
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PART  III  - SATELLITE  OBSERVATIONS 


1.  GENERAL 

Ice  information,  including  ice  edges,  concentrations,  and  large 
leads  or  water  openings,  was  interpreted  from  satellite  photographs 
between  3 March  and  22  September.  The  data  for  the  eastern  and  western 
Arctic  and  Canadian  Archipelago  are  presented  in  appendixes  B and  D, 
respectively. 

Ice  data  derived  from  ESSA  9,  ITOS  I,  and  NOAA  I satellite  photographs 
may  disagree  with  aerial  reconnaissance  data  in  some  cases;  however,  dis- 
crepancies do  not  always  Indicate  incorrect  satellite  ice  information. 

Ice  edges  may  be  plotted  incorrectly  owing  to  navigational  problems  aboard 
the  aircraft.  The  width  of  the  ice  pack  sometimes  appears  less  extensive 
in  a satellite  photograph  than  the  width  shown  on  an  aerial  reconnaissance 
chart  for  the  same  area  during  an  equivalent  time  period.  This  specific 
discrepancy  is  due  to  the  interpreter's  inability  to  observe  ice  of  less 
than  3 oktas  concentration  along  an  ice  edge  in  the  1971  series  of  satel- 
lite photographs.  Many  leads  and  large  openings  observed  within  the 
pack  ice  are  labeled  "ice  free  to  3 oktas,"  unless  the  analyst  was  well 
assured  that  the  area  contained  no  ice,  in  which  case  the  area  was 
labeled  "ice  free".  The  notation  "ice  free  to  3 oktas"  generally  infers 
that  the  center  of  the  area  is  ice  free  and  that  concentrations  of  1 
to  3 oktas  of  ice  are  present  along  the  periphery  of  the  area. 

Concentrations  within  the  pack  were  interpreted  by  the  analyst  without 
reference  to  aerial  reconnaissance  data.  Concentrations  cannot  be  inter- 
preted to  the  nearest  okta  with  current  resolution,  except  for  fast  ice  or 
where  the  analyst  is  confident  that  compact  pack  ice  (8  oktas)  exists; 
therefore,  concentrations  are  analyzed  in  ranges  of  oktas  as  shown  in 
appendixes  B and  D.  Analysis  of  ice  conditions  covered  by  extensive  cloud 
cover  or  under  conditions  of  poor  illumination  was  not  possible;  therefore, 
areas  of  arctic  darkness  or  extensive  cloud  cover  are  labeled  with  the 
appropriate  symbols.  Ice  edges  can  be  observed  occasionally  through  thin 
cloud  cover;  however,  the  concentrations  within  the  pack  ice  are  difficult 
to  ascertain.  When  such  cases  arise,  a cloud  symbol  outlines  the  pack  ice 
and  terminates  at  the  ice  edge. 

Continuous  satellite  coverage  of  the  Arctic,  along  with  consistent 
Interpretation  of  the  satellite  data,  permits  observation  of  significant 
changes.  Movement  of  ice  edges,  opening  and  closing  of  flaw  or  shore 
leads,  changes  nf  concentration,  and  gradual  expansion  of  large  water 
openings,  such  as  the  North  Water  Area,  can  be  observed. 


2.  DISSEMINATED  SATELLITE  DATA 


From  23  May  until  22  September  NAVOCEANO  prepared  a total  of  72  weekly 
satellite  ice  charts  for  the  eastern  Arctic,  the  Canadian  Archipelago,  and 
the  western  Arctic  showing  ice  edges,  concentrations  and  water  openings. 

A total  of  468  charts  was  mailed  to  various  government  and  private  agencies 
during  this  period.  Data  were  also  extracted  from  these  charts  and  trans- 
mitted via  radioteletype  (RATT)  message  to  icebreakers  and  cognizant  commands. 
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No  Openings  in  Ice 
Open  Water 
Scattered 
Snow  Depth 
Ice  Thickness 


SS/NL  = Now  Ico  or  Nilas 
nj  Pk  = Pancokt  < 3 m 

CK  = leash,  Small  Cgko,  Cako  < 30  m 

SF  = Small  Floo  20—100  m 

MF  - Modium  Flop  100-500  m 

•F  = lij  Floo  $00-2000  m 
VF  = Vost  Floo  2-10  km 
"3  6F  = Giant  Floo  >10  km 
Fast  = Fast  Ico 

Fxampio:  7 — totol  concontration 

7 I = okto  oil  pancoko  ico 
124  2 = oktos  smoll  and  modium  ico  floos 

fk  4 — oktos  bip,  vost,  and  giant  ico  floos 

STAGE  OF  DEVELOPMENT 

A 

oktos  prodominant,  oktos  socondory 

AGE AVERAC 

SS  = Frotil,  Grooso,  Slusb,  Shvgo 

Nl  = Ico  kind.  Dock  NHos,  Ught  Nilas  — — <C5— 10  c 

G = Gtoy  10—15  cm 

GW  = Groy-Whito  IS-30  ci» 

FI  = Thin  First-Yoor  30—  70  en 

FIN  = Modium  First-Toar 70-120  c 

FT  = Thick  First-Yoor  >120  cm 

$Y  = Socond-Yoor 
MY  = Mufti-Yoor 

tiomplo.  A 
SFM3G 

A = Stogo  of  dooolopmont 
SfM  = 5 oktos  Modhoa  Fktl-Yoar 
3G  = 3 oktos  Gfoy 


AVERAGE  THICKNESS 

<5—10  cm 
10—15  cm 
15—30  cm 
30—  70  cm 
70-120  cm 
>120  cm 


TOPOGRAPHY 
/\A  kolf*^  or  Fingor-loflod  Ico 
no  Hummocks 
/yy\(N)  Now  (idgos 
^y\(W)  Woothorod  kidgos 
/yy^(V)  Vory  Woothorod  kidgos 
A^(A)  Agod  kidgos 
/W\(C)  Consolidotod  kidgos 

Eiomplo:  /W\  (K)  (h) 

(n) 

(h)  hoight  of  ridgos  in  motors 
(n)  tonths  covorogo  on  ico 

STAGE  OF  MELTING 

FPD  = Fow  Puddlos 
MfO  = Many  hiddlos 
FTN  - Fow  Thaw  Nolos 
MTH  = Many  Thaw  Nolos 
Dkl  = Driod  Ico 
kOT  = kotton  Ico 
FIO  Floodod  Ico 

UNDERCAST 


THICKNESS  OF  ICE 
A SNOW 

t(  = ico  thicknoss  in  cm 
s = snow  dopth  in  cm 

PHENOMENA 


'NfH*  crock 


C PolYnY" 


^(n)  koborgs 
/^(n)  borgy  bits  1 groorlors 
(n)  = numbor  in  oroo 


ICE  EDGE 


> limit  of 
obsorvod  data 


-a  sotallito  data 


(For  convenience,  use  fold  out  Key  to  Ice  Symbols  on  page  12.) 


NAVOCEANO 
ICE  CHART 


Vm*  * 


NAVOCEANO 
ICE  CHART 


NAVOCEANO 
ICE  CHART 


NAVOCEANO 
ICE  CHART 


ISlANO 


NAVOCEANO 
ICE  CHART 


NAVOCEANO 
ICE  CHART 


8 


NAVOCEANO 
ICE  CHART 


NAVOCEANO 
ICE  CHART 


NAVOCEANO 
ICE  CHART 


NAVOCEANO 
ICE  CHART 


NAVOCEANO 
ICE  CHART 


NAVOCEANO 
ICE  CHART 


NAVOCEANO 
ICE  CHART 


NAVOCEANO 
ICE  CHART 


NAVOCEANO 
ICE  CHART 


NAVOCEANO 
ICE  CHART 


NAVOCEANO 
ICE  CHART 


NAVOCEANO 
ICE  CHART 


NAVOCEANO 
ICE  CHART 


NAVOCEANO 
ICE  CHART 


>lANO 


LSlA^*o 


NAVOCEANO 
ICE  CHART 


LSiano 


7-8  CONCENTRATION  (OKTAS) 

' / / / NOT  OBSERVED. 

/ / / DARKNESS 

NOT  OBSERVED, 

CLOUD  COVER 

estimated  boundary 

LIMIT  OF  observation 


NAVOCEANO 
SATELLITE 
ICE  CHART 


CONCENTRATION  (OKTAS) 

NOT  OBSERVED, 
DARKNESS 

NOT  OBSERVED, 

CLOUD  COVER 

ESTIMATED  BOUNDARY 
LIMIT  OF  OBSERVATION 


NAVOCEANO 
SATELLITE 
ICE  CHART 


7-8  CONCENTRATION  (OKTAS) 

' / / / NOT  OBSERVED, 

/ / / DARKNESS 

NOT  OBSERVED, 

CLOUD  COVER 

estimated  boundary 

LIMIT  OF  OBSERVATION 


NAVOCEANO 
SATELLITE 
ICE  CHART 


DISCONTINUOUS] 


7-8  CONCENTRATION  (OKTAS) 

> / / / NOT  OBSERVED, 

/ / / DARKNESS 

NOT  OBSERVED, 

' ' CLOUD  COVER 

ESTIMATED  boundary 

LIMIT  OF  OBSERVATION 


NAVOCEANO 
SATELLITE 
ICE  CHART 


••♦nt 


Concentration  (Oktas) 
NOT  OBSERVED, 

darkness 

NOT  OBSERVED, 

CLOUD  COVER 

ESTIMATED  boundary 
LIMIT  OF  OBSERVATION 


NAVOCEANO 
SATELLITE 
ICE  CHART 


DISCONTINUOUS 


DISCONTINUOUS 
FLAA  lead 


pBSVO 


160- 


/ / NOT  OBSERVED, 
' / DARKNESS 


NOT  OBSVD 


7-8  CONCENTRATION  (OKTAS) 


NOT  OBSERVED 


CLOUD  COVER 


ESTIMATED  BOUNDARY 


° LIMIT  OF  OBSERVATION 


NAVOCEANO 
SATELLITE 
ICE  CHART 


27-30  MAR  1971 


7-8  CONCENTRATION  (OKTAS) 

' / / / NOT  OBSERVED, 

11/  DARKNESS 

^ NOT  OBSERVED, 

CLOUD  COVER 

ESTIMATED  BOUNDARY 

0 LIMIT  OF  OBSERVATION 


NAVOCEANO 
SATELLITE 
ICE  CHART 


NOT  OBSERVED, 

darkness 


NARROW 

DISCONTINUOUS 


CONCENTRATION  (OKTASl 


not  observed, 

CLOUD  COVER 

estimated  boundary 

> ° ° o LIMIT  OF  OBSERVATION 


NAVOCEANO 
SATELLITE 
ICE  CHART 


3-6  APR  1971 


181 


7-e  CONCENTRATION  (OKTAS) 

/ / / / NOT  OBSERVED, 

/ / / / DARKNESS 

not  observed, 

' CLOUD  COVER 

ESTIMATED  BOUNDARY 

o o a o limit  of  OBSERVATION 


NAVOCEANO 
SATELLITE 
ICE  CHART 


NARROW 

DISCONTINUOUS 

LEAD 


yiiAND 


CONCENTRATION  (OKTAS) 

/ NOT  OBSERVED. 

' DARKNESS 

NOT  OBSERVED, 

CLOUD  COVER 

- ESTIMATED  BOUNDARY 
o LIMIT  OF  OBSERVATION 


NAVOCEANO 
SATELLITE 
ICE  CHART 


NARROW 

DISCONTINUOUS 


NOT  OBSVD 


7-8  CONCENTRATION  (OKTAS) 

' / / / NOT  OBSERVED, 

/ / / DARKNESS 

^ NOT  OBSERVED, 

CLOUD  COVER 

estimated  boundary 

o o o LIMIT  OF  observation 


NAVOCEANO 
SATELLITE 
ICE  CHART 


NOT  OBSVD 


7-8  CONCENTRATION  (OKTAS) 

' / / / NOT  OBSERVED, 

' / / DARKNESS 

NOT  OBSERVED, 

' CLOUD  COVER 

ESTIMATED  BOUNDARY 

° o o limit  of  observation 


NAVOCEANO 
SATELLITE 
ICE  CHART 
19-22  APR  1971 


NOT  OBSVD 


NOT 

OBSVD 


|NOT  OBSVD] 


7-8  CONCENTRATION  (OKTAS) 

' / / / NOT  OBSERVED. 

/ / / DARKNESS 

.y^-^NOT  OBSERVED, 

CLOUD  COVER 

estimated  boundary 

O O O limit  of  observation 


NAVOCEANO 
SATELLITE 
ICE  CHART 
23-25  APR  1971 


NOT 

obsvd 


NOT  OBSVD 


WAiEs 

^5iano 


CONCENTRATION  (OKTAS) 

/ NOT  OBSERVED, 
darkness 

NOT  OBSERVED, 

CLOUD  COVER 

- estimated  BOUNDARY 
° limit  of  OBSERVATION 


NAVOCEANO 
SATELLITE 
ICE  CHART 

26-29  APR  1971 


'DISCONTINUOUS  FLAW  LEAD! 


NAVOCEANO 
SATELLITE 
ICE  CHART 

30  APR -2  MAY  1971 


DISCONTINUOUS 
SHORE  LEAD 


3-5  DISCONTINUOUS  LEW 


L^iano 


4-6  SHORE 
LEAD 


3-5  DISCONTINUOUS 
FLAW  lead 


NOT  OBSVD 


J89 


CONCENTRATION  (OKTAS) 

NOT  OBSERVED, 
DARKNESS 

NOT  OBSERVED, 

CLOUD  COVER 

ESTIMATED  BOUNDARY 
LIMIT  OF  OBSERVATION 


NAVOCEANO 
SATELLITE 
ICE  CHART 


WAlCS 
[Si  AND 


7-8  CONCENTRATION  (OKTAS) 

' / / / NOT  OBSERVED. 

/ / / DARKNESS 

NOT  OBSERVED, 

CLOUD  COVER 

ESTIMATED  BOUNDARY 

■=  = ° LIMIT  OF  OBSERVATION 


NAVOCEANO 
SATELLITE 
ICE  CHART 


-jARROWlBflB 

DISCONTINUOUS: 
SHORE  lead! 


3-5  DISCONTINUOUS 
\ LEAD  V 


NOT  , 
OBSVD  \ 


NOT 

OBSVD 


OBSVD 
ICE  FREE -3 


NOT 

OBSVD 
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4-6  DISCONTINUOUS 
\ FLAW  LEADXj 


\ A OBSVD 


NOT 

OBSVD 


7-8  CONCENTRATION  (OKTAS) 

/ / / NOT  OBSERVED, 

/ / / DARKNESS 


NOT  OBSERVED, 
CLOUD  COVER 


ESTIMATED  BOUNDARY 

o o o limit  of  observation 


NAVOCEANO 
SATELLITE 
ICE  CHART 


14-16  MAY  1971  \ 


2 


CONCENTRATtON  (OKTAS) 


/ NOT  OBSERVED, 
DARKNESS 


NOT  OBSERVED, 


CLOUD  COVER 
- ESTIMATED  BOUNDARY 
"LIMIT  OF  OBSERVATION 


NAVOCEANO 
SATELLITE 
ICE  CHART 


23-26  MAY  1971 


7-8  CONCENTRATION  (OKTAS) 

/ / / / NOT  OBSERVED, 

/ / / / DARKNESS 

NOT  OBSERVED, 

CLOUD  COVER 

ESTIMATED  BOUNDARY 

o o o O limit  of  OBSERVATION 


196 


NAVOCEANO 
SATELLITE 
ICE  CHART 


30  MAY- 2 JUN  1971 


DISLODGED 


FLAW  LEAD 


7-8  CONCENTRATION  (OKTAS) 


/ / / / NOT  OBSERVED, 
/ / / / nARKNr<:<; 


NOT  OBSERVED, 
CLOUD  COVER 


ESTIMATED  BOUNDARY 


0 o o o limit  of  OBSERVATION 


NAVOCEANO 
SATELLITE 
ICE  CHART 


6-9  JUN  1971 


197 


DISLODGED 
X FLOE 


NOT 

oesvD 


7-8  CONCENTRATION  (OKTAS) 

/ / / NOT  OBSERVED. 

/ / / DARKNESS 


NOT  OBSERVED, 
CLOUD  COVER 


ESTIMATED  BOUNDARY 

>00°  LIMIT  OF  OBSERVATION 


NAVOCEANO 
SATELLITE 
ICE  CHART 


13-16  JUN 1971 


..oJ 


7-8  CONCENTRATION  (OKTAS) 


/ / / / NOT  OBSERVED, 
/ / / / r>ARKNF<!«; 


NOT  OBSERVED, 
CLOUD  COVER 


estimated  BOUNDARY 


“ “ "LIMIT  OF  OBSERVATION 


7-8  CONCENTRATION  (OKTAS) 

' / / / not  observed, 

/ / / DARKNESS 

observed, 

CLOUD  COVER 

ESTIMATED  BOUNDARY 

o o o limit  of  observation 


NAVOCEANO 
SATELLITE 
ICE  CHART 


FLAW  LEAD  l 


iHgaifgga 


NOT  OBSVD 


CONCENTRATION  (OKTAS) 


/ NOT  OBSERVED 
DARKNESS 


NOT  OBSERVED, 


CLOUD  COVER 


ESTIMATED  BOUNDARY 


o o o limit  of  OBSERVATION 


NAVOCEANO  \ 
SATELLITE 
ICE  CHART 


5-8  JUL  I9TI 


NAVOCEANO 
SATELLITE 
ICE  CHART 


toT  ceSVDj 


r 'v-. 

f \ 

/ V 

NOT  OBSVD! 


7-8  concentration  (OKTAS) 
! / / / NOT  OBSERVED. 


DARKNESS 


NOT  OBSERVED, 
CLOUD  COVER 


ESTIMATED  BOUNDARY 

“ ° o LIMIT  OF  OBSERVATION 


NAVOCEANO  ■ 
SATELLITE 
ICE  CHART 


I8-2IJUL  1971 


»3 


NOT  OBSERVED, 
DARKNESS 


7-8  CONCENTRATION  (OKTAS) 


NOT  OBSERVED, 
CLOUD  COVER 


ESTIMATED  BOUNDARY 


« o o o LIMIT  OF  OBSERVATION 


NAVOCEANO 
SATELLITE 
ICE  CHART 


25-28  JUL  1971 


\ NOT  oesvo 


NOT  OBSVO 


[not  OBSVDl 


7-8  CONCENTRATION  (OKTAS) 

/ / / / NOT  OBSERVED, 

/ / / / DARKNESS 

NOT  OBSERVED, 

CLOUD  COVER 

ESTIMATED  BOUNDARY 

O o o O limit  OF  OBSERVATION 


NAVOCEANO 
SATELLITE 
ICE  CHART 


31 JUL-3AUGI97I 


NAVOCEANO 
SATELLITE 
ICE  CHART 


NOT  OBSERVED, 
DARKNESS 


NOT  OBSVD 


NOT 

OBSVD 


ICE  FREE -3  NOT  OBSVD 


7-8  CONCENTRATION  (OKTAS) 


NOT  OBSERVED, 
CLOUD  COVER 


ESTIMATED  BOUNDARY 

O o O o limit  of  OBSERVATION 


NAVOCEANO 
SATELLITE 
ICE  CHART 


29-31  AUG  1971 


NOT  OBSERVED, 
DARKNESS 


INOT  OBSVDI 


[not  OBSVDi 


NOT  OBSVD 


^ NOT  OBSVD 


7-8  CONCENTRATION  (OKTAS) 


NOT  OBSERVED, 
CLOUD  COVER 


estimated  BOUNDARY 

> 0 o o limit  of  observation 


NAVOCEANO 


SATELLITE 
ICE  CHART 


5-8  SEPT  1971 


NOT  OBSERVED. 
DARKNESS 


concentration  (OKTAS) 


NOT  OBSERVED, 
CLOUD  COVER 


ESTIMATED  BOUNDARY 

o o ° o LIMIT  OF  OBSERVATION 


navoceano 

SATELLITE 
ICE  CHART 


E-14  SEPT  1971 


211 


CONCENTRATION  (OKTAS) 


/ / / / NOT  OBSERVED, 

/ / / / DARKNrit<; 


NOT  OBSERVED 
CLOUD  COVER 


estimated  boundary 

0 0 0 o limit  of  observation 


NAVOCEANO 
SATELLITE 
ICE  CHART 


I8-2Z  SEPT  1971 


m 


KEY  TO  ICE  SYMBOLS  USED  IN  PLOHING  ICE  FEATURES 


TOTAL  CONCENTRATION 

□ 


ki  In* 


<I 

« I (open  wot  Of) 


1-<3  •kto* 

(v*ry  op«fi  ^k) 
3-  < 6 oktos 
(op«n  pock) 
6*<^7  oktos 
(dost  pock) 

7- <8  oktos 
(vory  cioso  pock) 
6 oktos 

(cofnpoct  pock) 


COVERAGE  BY  SIZE 


CONC 

- 

Concentration 

CRK 

a 

Crack 

CRKS 

= 

Cracks 

FRCT 

■= 

Fracture 

FRCTV 

3 

Very  Small  Fracture 

FRCTS 

sa 

Small  Fracture 

FRCTM 

= 

Medium  Fracture 

FRCTL 

a 

Large  Fracture 

LVL 

a 

Level  Ice 

NDTR 

a 

Not  Determined 

NOPG 

■» 

No  Openings  in  Ice 

OPWR 

3 

Open  Water 

SCTD 

= 

Scattered 

SD 

a 

Snow  Depth 

T 

- 

Ice  Thickness 

C = totol  (oncontrotiofi 


SS/Nl  =:  Now  let  or  Nilos 

PK  = Poflcoko  <[  3 m 

CK  - Bfosh,  Smoll  Cokt,  Coko  <30  i 


SF  = Smoil  Floo  20-100  m 
MF  = Medium  Floe  100-500  i 


"3 


BF  = Big  Floe  500-2000  m 
Vf  = Vast  Floe  2-10  km 
GF  = Giortt  Floe  .^10  km 
Fost  = Fost  Ice 


Eiompte: 

JL 

124 

n 


7 = totol  (oncentrotioo 

1 = okto  oil  poncoke  ice 

2 :=  oktos  smoll  ond  medium  ice  floes 
4 = oktos  big,  vost,  and  giont  ice  floes 


STAGE  OF  DEVELOPMENT 

A 


oktos  prodominont,  oktos  socondory 

AGE 


AVERAGE  THICKNESS 


SS  = Fraiil,  Groflso,  Slush,  Shugo 
Nl  = Ico  Rind,  Dork  Nilos,  Light  Nilos  • 

G = Croy  

GW  = Gfoy-Whito  

FI  = Thin  First-Yoor  

FM  = Medium  First-Toor 

FT  = Thitk  Fifst  Yeof  

SY  = Sotond-Yoor 
MY  = Multi-Yeor 


<5-10  cm 
10—15  cm 
15-30  <m 
30-70  tm 
70-120  tm 
>120  tm 


((ample: 


A 

5FM3G 

A = Slogo  of  dovelopmoni 
5FM  = 5 oktos  Medium  Fint-Toor 
3G  = 3 oktos  Groy 

*Ono  okto  eoMolt  one  eighth  ko  lOMontrotlon 


214 


TOPOGRAPHY 
A A Rotted  et  Fingof  -Roftod  Ito 
DO  Hummocks 
/^^(N)  Now  Ridges 
/W\(W)  Weothered  Ridges 
/yy\(V)  Very  Weotherod  Ridges 

/W\(*)  *9»<< 

A/V\(f)  Consolidoted  Ridges 

(xomple:  AAA  (**)  (*>) 


(n) 


(h)  height  ot  ridges  in  meters 
(n)  tenths  coverage  on  ice 


STAGE  OF  MELTING 


FPD  = Few  Puddles 
MPD  - Mony  Puddles 
FTH  = Few  Thow  Holes 
MTH  = Mony  Thow  Holes 
DRI  — Dried  Ice 
ROT  =:  Rotten  Ice 
FLO  = Flooded  Ice 


UNDERCAST 

Limit 


THICKNESS  OF  ICE 
& SNOW 


t{  = ice  thickness  In  tm 
s = snow  depth  In  cm 


PHENOMENA 

YffH-  crock 

frocturo 
~J)  polynyo 
^ l«od 

^(n)  icoborgs 
y^fnl  btrgy  bits  C growitn 
(n)  = numbor  in  oroo 


ICE  EDGE 


obstrvtd 


— • rodor 


> limit  of 
obtorvod  doto 


Mtflhto  doto 


(For  convenience,  use  folci  out  Key 


9/68 

to  Ice  Symbols  on  page  12.) 


As 


NAVOCEANO 
ICE  CHART 


DISTRTBUTION  LIST 


NAVY 


COMNAVAIRLANT 

COMSERVLANT 

COMSUBLANT 

COMSC 

USDAO 

CNO 

NAVARCLAB 

NAVSHIPSYSCOMHQ 

NAVSHIPRANDCEN 

NOL 

NAVUSEACEN 

NUSC  NPT 

NSC/MSC 

NISC 

NATTC 

FLETRACEN 

NAVSUBSCOL 

USNA  ANNA 

NAVPGSCOL 

COMNAVWEASERV 

FLENUMWEACEN 

FLEWEACEN 

FLEWEAFAC  ( 3 ) 


USCGC  NORTHWIND  (WAGE  282) 

USCGC  SOUTHWIND  (WAGE  280) 

USCGC  STATEN  ISLAND  (WAGE  278) 
USCGTRACEN/MSS 
USCGCOCEANOUNIT  NYA 


PRIVATE 


AINA 

OARI 


UNIVERSITIES 


LDGO/CU 

OSU 

NYU 

GIFS,AK 

HSC 

SIO/UC 


FOREIGN 


OTHER  GOVERNMENT  AGENCIES 
DMATC 

INT  ICE  PAT 

DDC/DSA 

CIA/CRS/ADD 

LC/E&G 

DA/Lib 

ACSI/DSRSI 

CRREL 

USAF/ETAC 

HQASW-AWVAS/TF 

NAS/CPR 

NOAA,NWS/WSSO-SSD 

NOAA,NWS/W13 

NOAA,S33 

COMDT  USCGHQ  (OMS-2) 

USCGC  BURTON  ISLAND  (WAGE  283) 
USCGC  EDISTO  (WAGE  284) 

USCGC  GLACIER  (WAGE  4) 


DU/IO,  Can 
CFH/M&O,  Can 
IFC , Can 
MCH/HMS,  Can 
McGU,  Can 
DRB/DSIS,  Can 
FRBC/BS,  Can 
DDMI , Den 
DMI , Den 
NOI-Lib,  Eng 
MAFF/FL,  Eng 
SPRI , Eng 

CINCLEASTLANTHQ/OFS-NATO,  Eng 
GSPR,  Ger 
HMO,  Japan 
ILTS,  Japan 
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Arctic  was  generally  normal  or  slightly  heavier  than  normal.  Expected  dates 
for  escorted  and  unescorted  entry  into  5 selected  eastern  arctic  ports  were 
forecasted.  Conditions  for  escorted  entry  into  3 of  these  ports  occurred 
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as  predicted.  Escorted  entry  at  the  2 remaining  ports  occurred  1 to  9 days 
later  than  forecast.  Conditions  for  unescorted  entry  also  occurred  as  pre- 
dicted at  3 of  these  ports.  Unescorted  entry  was  possible  6 days  later  than 
forecast  at  one  port  and  20  days  earlier  than  forecast  at  the  fifth  port. 

Ice  conditions  in  the  western  Arctic  were  heavier  than  normal  for  the  third 
consecutive  year,  especially  in  the  Bering  Sea  during  spring.  Ice  conditions, 
based  on  aerial  and  satellite  data  in  the  eastern  and  western  sectors  of  the 
Arctic  and  data  observed  over  the  Arctic  Basin  during  2 BIRDSEYE  missions, 
are  shown  graphically  in  separate  appendixes. 


UNCLASSIFIED 


